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1. Introduction
In last RAN4 meeting, the RRM requirement for SRS antenna port switching has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for SRS antenna port switching.
2. Scope of SRS antenna switching requirement
In last meeting, some agreements on scope of SRS antenna switching requirement were (open issues are highlighted in yellow),
	Issue 1-1-1: whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
Issue1-1-1a: Clarification on performance degradation due to SRS antenna port switching: 
Agreement in 2nd round: 
The performance degradation can be expected on 1 OFDM symbol before and after each SRS resource configured for antenna switching which is not overlapped with the guard period defined in TS 38.214 on the carrier where SRS antenna switching occurs.

Issue1-1-1b: Whether to capture conclusion of issue 1-1-1a in RRM spec or in WF only: 
· Option 1 (Apple, QC, CMCC, vivo, Xiaomi, Intel, ZTE, CATT): in WF
· Option 2 (HW, LGE, MTK, OPPO, Nokia, vivo): in RRM spec
Agreement in 2nd round: TBA

Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· Option 1 (CATT, Apple, Xiaomi, LGE, OPPO, HW, Intel, QC, MTK, ZTE,):
· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 2 (Nokia): 
· RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission, or
· The SRS resources of a set are transmitted in separate slots.
· RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  
· Option 3 (Ericsson):
· define requirements under the assumption that SRS symbols are configured on consecutive symbols (with 1 symbol guard period between SRS symbols). 
· Option 4(vivo):
· In R17 feRRM WI, the number of consecutive symbols for SRS transmission configured in a slot comprising UL symbols is no more than X, and X = 2 is preferred.
Agreement in 2nd round: TBA



In TS38.101-1, it was defined that the transient period of 15 us applies before and after SRS transmission to all the transmit CCs in CA with the CC sounding SRS, and UE RF requirements do not apply during this transient period. In the last meeting, it was agreed that “The performance degradation can be expected on 1 OFDM symbol before and after each SRS resource configured for antenna switching which is not overlapped with the guard period defined in TS 38.214 on the carrier where SRS antenna switching occurs”. Since such degradation could be represented by RF clarification indirectly (‘no RF requirement applies’ means corresponding baseband UE behavior could not be guaranteed accordingly), we don’t see strong rationale to clarify such performance degradation in RRM spec either.
Proposal 1: No need to specify performance degradation in issue 1-1-1. 

Since in WF[1] of last meeting RAN4 agreed to use the two scenarios for the minimum requirement design of SRS antenna port switching, the requirement could be specified/applied based on the SRS resource configurations in scenario 1 and scenario 2 of issue 1-4-2 in WF[1]. 
Proposal 2: RAN4 to define requirements based on SRS resource configurations in scenario 1 and 2 in agreed WF of RAN4 #101e meeting.
3. Impact of SRS antenna port switching to other requirements
In last meeting, some agreements on impact of SRS antenna port switching to other requirements were (open issues are highlighted in yellow),
	Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA
· Option 1 (CATT, Nokia): UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with L1-RSRP/L1-SINR measurement, and the L1-RSRP/L1-SINR measurement will be interrupted when overlapping with aperiodic SRS transmission.
· Option 2 (Apple, Nokia): UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol; otherwise, NR SRS antenna port switching shall be prioritized.
· Option 3(QC): 
· Network should avoid scheduling conflict aperiodic SRS antenna switching and L1-RSRP measurement. When the collisions happen, it’s up to UE implementation for collision resolution.
· Network should avoid scheduling conflict periodic SRS antenna switching and L1-RSRP measurement. If the network side solution is not feasible, the following requirement apply. UE can drop periodic SRS antenna switching when it conflicts with L1-RSRP measurement. L1-RSRP measurement requirement still applies.
· Option 4 (Intel, HW, OPPO): Impact of SRS antenna port switching to RRM requirements in NR-SA will be:
· The SRS antenna port switching is not colliding with any other transmission with higher priority defined in TS 38.214 [26].
· The SRS antenna port switching is not colliding with any SSB/CSI-RS based L3 measurements and the measurements for RLM/BFD, L1-RSRP/L1-SINR.
· Option 5 (MTK, Nokia): When SRS resource collides with L1-RSRP/L1-SINR RS, whether to transmit SRS resource is determined by the same rule between the SRS resource and the associated L1-RSRP/L1-SINR reporting type defined in section 6.2.1.3 of TS 38.214.
· For NR-SA, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol. Otherwise, UE is required to perform SRS antenna port switching.
· Option 6 (vivo): 
· For aperiodic SRS transmission, clarify in the spec by adding a note for L1-RSRP/L1-SINR measurement period requirements, 
· ‘Note: Longer measurement period is expected if semi-persistent/periodic L1-RSRP or L1-SINR report is scheduled in the same symbol with aperiodic SRS in the same carrier’
· UE is not required to perform SRS antenna port switching when SRS resource and the DL RS for NR L1-RSRP/L1-SINR measurements are scheduled in the same OFDM symbol in CA/DC.
· Option 7 (Nokia): 
· Do not define the priority in RAN4 when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol.
· Option 8 (HW, Apple, MTK, Intel, vivo, OPPO): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
· Option 8a (Apple, QC): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
· No requirement applies for AP L1-RSRP/L1-SINR measurement colliding with AP SRS.
· Option 8b (Nokia): NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement except:
· No requirement applies when AP NR SRS resource and the P/SP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol
Agreement in 2nd round: TBA
Issue 1-2-2: Impact of SRS antenna port switching to RRM requirements in EN-DC or NE-DC 
Agreements in 1st round: Follow the conclusion from issue 1-2-1

Issue 1-2-3: Impact of SRS antenna port switching to RRM requirements in NR-DC 
Agreements in 1st round: Follow the conclusion from issue 1-2-1

Issue 1-2-4: Impact of SRS antenna port switching to other specific RRM requirements 
· Option 1 (CATT): It should not be needed adding clarification/note of the handover/reselection/SCell activation requirements are defined when there are not SRS antenna port switching happens during the process of handover/ reselection/ SCell activation.
· Option 2 (Apple, ZTE): In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements except for the NR measurements only applies when no SRS antenna port switching occurs during those RRM activities.
· Option 3 (HW, Nokia): No specification impact of impact of SRS antenna port switching to other specific RRM requirements except for NR measurement.
· Option 4 (Apple, QC, vivo, LGE, Xiaomi, ZTE, OPPO, MTK): In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching occurs during those RRM activities.
· Option 4a (Apple, QC, LGE, ZTE, Intel, vivo, Xiaomi, OPPO): In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching is configured during those RRM activities.
Agreement in 2nd round: TBA

Issue 1-2-5: Impact of SRS antenna port switching to CSF and other RS 
· Option 1 (CATT, HW, Nokia, Ericsson): RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
· Option 2 (Apple, Intel, Nokia, CATT): RAN4 to not define any solution and requirement for “SRS antenna port switching to avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report”.
· Option 3 (QC, MTK, OPPO, Intel): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed.
· Option 3a (MTK, Intel, OPPO): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed
· Option 4 (Ericsson, Nokia): Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.
Agreement in 2nd round: TBA



In last meeting, there was no conclusion on prioritization when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol. In table 5.2.1.4-1 in TS38.214, RAN1 specified the relation between CSI reporting and DL CSI-RS as following table,
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	For reporting on PUCCH, the UE receives an activation command, as described in clause 6.1.3.16 of [10, TS 38.321]; for reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI; additionally, subselection indication as described in clause 6.1.3.13 of [10, TS 38.321] possible as defined in Clause 5.2.1.5.1.

	Semi-Persistent CSI-RS
	Not Supported
	For reporting on PUCCH, the UE receives an activation command, as described in clause 6.1.3.16 of [10, TS 38.321]; for reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI; additionally, subselection indication as described in clause 6.1.3.13 of [10, TS 38.321] possible as defined in Clause 5.2.1.5.1.

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Triggered by DCI; additionally, subselection indication as described in clause 6.1.3.13 of [10, TS 38.321] possible as defined in Clause 5.2.1.5.1.



And in TS38.214 section 6.2.1.3, the prioritization for CSI reporting and SRS carrier switching is summarized as below,
	PUCCH/PUSCH for CSI (L1-RSRP/L1-SINR) reporting
	SRS transmission (including interruption)
	Prioritization

	P/SP CSI
	AP SRS
	AP SRS

	AP CSI
	AP SRS
	AP SRS

	AP CSI
	P/SP SRS
	AP CSI

	P/SP CSI
	P/SP SRS
	P/SP SRS



Since this prioritization is defined between two colliding UE activities, we don’t need to consider CSI reporting type for the scenario when CSI measurement is colliding with SRS antenna port switching. Regarding the CSI reporting vs. SRS case, RAN1 had clear definition in TS38.214 and there is no need to revisit those conclusions. 
We think the CSI reporting priority could be reused for CSI measurement priority, and SRS carrier switching prioritization rule could also be reused for SRS antenna port switching prioritization. Thus, UE is not required to perform SRS antenna port switching when P/SP SRS resource and the AP L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol; otherwise, SRS antenna port switching shall be prioritized, as summarized in the following table.
Table 1. Prioritization between L1-RSRP/L1-SINR measurement and SRS antenna port switching
	CSI-RS and SSB for L1-RSRP/L1-SINR
	SRS transmission (including interruption)
	Prioritization

	P/SP CSI-RS and SSB
	AP SRS
	AP SRS

	AP CSI-RS
	AP SRS
	AP SRS

	AP CSI-RS
	P/SP SRS
	AP CSI

	P/SP CSI-RS and SSB
	P/SP SRS
	P/SP SRS


 
However, in last meeting, option 8 was proposed by other companies as a compromise to converge the views from companies and simplify the UE requirements, and we can also accept option 8 as a compromise. 
Proposal 3: 
RAN4 to choose one from following options:
· Option 1:
· For NR SA, EN-DC and NE-DC, UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol; otherwise, NR SRS antenna port switching shall be prioritized.
· For NR-DC, UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol of same CG; otherwise, NR SRS antenna port switching shall be prioritized.
· Option 2:
· NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
Regarding the impact of SRS antenna port switching to other RRM requirement (e.g., handover, BWP switching, SCell activation/deactivation), we think the same methodology in LTE spec could be re-used. In LTE TS36.133, RAN4 has added some clarification in the impacted RRM requirements, e.g.,
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So, we could clarify the relaxation/applicability in those RRM requirements whose procedure could be impacted by SRS antenna port switching, e.g., the delay requirement could be extended, or the requirement only applies when SRS antenna port switching is not colliding with the reference signal. How to coordinate between SRS antenna port switching and those UE activities could be left to UE implementation, and therefore RAN4 only needs to clarify that other specific RRM requirements except for the NR measurements only applies when no SRS antenna port switching is configured during those activities. To make the requirement applicability clear, we prefer to capture such applicability clarification into the corresponding requirement section in TS38.133.

Proposal 4: In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching is configured during those RRM activities. 

Regarding impact of SRS antenna port switching to CSF and other RS, we think network shall control to avoid such collision for serving cell, but if such collision happens as error case, no UE requirement shall be imposed. However, it’s not necessary to define such error cases in the RAN4 spec since it shall be covered in RAN1, and we are also fine to compromise to the option 1 in agreed WF: RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.

Proposal 5: Regarding impact of SRS antenna port switching to CSF and other RS, RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement. 
4. Interruption requirement applicability
In last meeting, some agreements on interruption requirement applicability were (open issues are highlighted in yellow),
	Issue 1-3-1: Interruption requirement applicability
Agreements in 1st round: 
The victim cells due to SRS switching shall be defined for UL interruption and DL interruption respectively, e.g. an UL interruption is allowed on any of the serving cells indicated in txSwitchWithAnotherBand, and a DL interruption is allowed on any of the serving cells indicated by txSwitchImpactToRx.

Issue 1-3-2: Whether and how to specify interruption requirement for sync case
· Option 1 (CATT, LG, Nokia, Ericsson): Yes, define different requirements between sync and async cases. 
· Option 1a (CATT): The number of interrupted slots for sync cases will be subtracted 1 based on the requirement for async cases.
· Option 1b(LG): The same interruption length for the asynchronous case could be defined if the slot after SRS antenna port switching is the uplink slot in the synchronous case (UL+UL slot configuration).
· If the slot after SRS antenna port switching is the downlink slot (UL+DL slot configuration) in the synchronous case, the interruption length can be defined by Table 2.
· Option 2 (Apple, QC, MTK, HW, Xiaomi, Intel, ZTE, OPPO): No need to further discuss a separate interruption requirement for sync cases.
Agreement in 2nd round: TBA

Issue 1-3-3: txSwitchImpactToRx for intra-band case
Agreements in 1st round: 
No need to have clarification for txSwitchImpactToRx with intra-band contiguous CA and intra-band non-contiguous CA case.



Regarding issue 1-3-3, we need to consider the TA between DL and UL as well as the time difference between CCs in CA(MTTD/MRTD). Regarding the different CA scenarios, in R16 carrier based SRS switching, we have conclusion in R4-2012155 that,
· Interruption requirements for CA case 1, case 2 and case 3
· The same interruption requirements as for async case in the spec shall apply
Where,
· Case 1: CA is co-location deployed
· Case 2: Single TAG CA, or carriers in the same TAG for multiple TAG CA
· Case 3: uplink time difference does not exceed a threshold X
· X = [5] us
So here, we think the same principle shall be applied since sync and async may have the same interruption. 
Proposal 6: No need to further discuss the minimum interruption requirements for sync cases. 

5. Interruption requirement design for SRS antenna port switching
In last meeting, some agreements on interruption requirement design were (open issues are highlighted in yellow),
	Issue 1-4-1: The interruption requirement is defined based on slot level or symbol level
· Option 1 (CATT, Apple, QC, CMCC, Xiaomi, LG, Intel, MTK, vivo, ZTE, HW, OPPO): based on slot level
· Option 1a (LG): If SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption should apply to only uplink symbols in the interrupted slot.
· Option 2 (Ericsson, Nokia): based on symbol level
Agreement in 2nd round: TBA

Issue 1-4-2: The components within interruption time of SRS antenna port switching in FR1
Agreements in GTW
· The components of interruption time of SRS antenna port switching in FR1 are
· Antenna switching time before and after SRS transmission occasion (2*15us)
· SRS transmission time of X symbols
· Option 1 (Apple, HW, LGE, Intel, CATT, MTK, Xiaomi, OPPO): X = 6 SRS symbols disregards actual number of configured SRS symbols
· Option 2 (Ericsson, Nokia): X is the number of configured SRS symbols excluding guard symbols
· FFS if different X can be considered depending on SRS resource configuration within a slot
Newly added options in 2nd round:
· Option 3 (Apple, CMCC, vivo(slot level interruption for scenario 1) ): 
· Requirements would be defined for two scenarios:
· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, to define symbol-based interruption requirement
· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption to define slot-based interruption requirement
· Option 3a: 
· Requirements would be defined for two scenarios:
· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, use the number of configured SRS symbols as SRS transmission time
· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption of SRS transmission time
· Option 4: 
· Define interruption requirements in symbols for sync case
· Define interruption requirements in symbols/slots for async case. 
· If interruption requirement defined in symbols for async case, interruption length could be to the extent of slot length
· Other options are not precluded.
Agreement in 2nd round: 
· The components of interruption time of SRS antenna port switching in FR1 are
· Antenna switching time before and after SRS transmission occasion (2*15us)
· SRS transmission time of X symbols
· Requirements would be defined for two scenarios:
· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, the configured number of SRS symbols is used as SRS transmission time
· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption of SRS transmission time
Issue 1-4-3: Interruption requirement proposals for async case 
Up to conclusions from issues 1-4-1/1-4-2.
Issue 1-4-4: Interruption requirement proposals for sync case
Up to conclusions from issues 1-4-1/1-4-2/1-3-2




The guard period in RAN1 TS38.214 is defined as below,
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In our understanding, RAN1 has chosen to use the most conservative way to define the guard period and no signals would be expected to transmit in guard period. We propose to use the RAN1 guard period as baseline to determine the interruption requirement. However, similar as interruption requirements for SRS carrier-based switching, even though the GP is at symbol level, but the interruption requirement shall still be defined in unit of slot for NR and in unit of subframe for LTE. In last meeting, some companies thought the interrupting requirement may be defined in unit of symbols since transient time for SRS antenna port switching is 15us from RF spec, but we have different understanding: with the MTTD/MRTD and TA, we cannot precisely determine which DL symbols or UL symbols on other CCs are interrupted by SRS antenna port switching, and therefore using slot level interruption requirement would be a reasonable solution.

Proposal 7: Interruption requirement of SRS antenna port switching shall be defined based on slot level.

In last meeting, it was agreed that two scenarios would be considered for SRS antenna port switching interruption requirement. Based on antenna switching time before and after SRS transmission occasion plus SRS transmission time of X symbols in scenario 1 and 2, the interruption requirement could be defined as:

Proposal 8: 
Scenario 1: The interruption requirement of SRS antenna port switching for scenario 1 is 2 slots of victim carrier’s SCS, as following,
	Victim CC SCS(kHz)
	Aggressor CC SCS (kHz)

	
	15 
	30
	60

	15 (NR or LTE)
	2
	2
	2

	30
	2
	2
	2

	60
	2
	2
	2

	120
	2
	2
	2


 Unit of interruption requirement is slot for NR and subframe for LTE.

Scenario 2: The interruption requirement of SRS antenna port switching for scenario 2 is summarized as:
	Victim CC SCS(kHz)
	Aggressor CC SCS (kHz)

	
	15 
	30
	60

	15 (NR or LTE)
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3


 Unit of interruption requirement is slot for NR and subframe for LTE.

6. Miscellaneous issues
In last meeting, some agreements on other miscellaneous issues were (open issues are highlighted in yellow),

	Issue 1-5-1: Interruption requirement related with prioritization rule in RAN1
· Option 1 (CATT, HW, MTK, ZTE, OPPO, Nokia, Apple): RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
· Option 2 (vivo) : Send LS to RAN1 to check the prioritization rule for SRS antenna switching, i.e. whether the prioritization rule defined for SRS transmission and guard periods also applies for the transient periods, especially for CA/DC case and the corresponding UL band is indicated in txSwitchWithAnotherBand.
Agreement in 2nd round: 
· RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
· FFS: Interruption of SRS antenna switching is applicable only when the interruption time is not colliding with any other transmission with higher priority defined in clause 6.2.1 of TS 38.214.

Issue 1-5-2: Two SRS colliding on same symbol
· Option 1 (Apple, QC, HW, vivo, LGE, ZTE, OPPO, CATT, Nokia): This is up to RAN1 discussion, and no need to discuss this case in RAN4.
· Option 2 (MTK, Ericsson): For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior are scheduled on the same OFDM symbol:
· For UE not supporting R17 feMIMO, whether to transmit the SRS is up to UE implementation.
· For UE supporting R17 feMIMO, follow the priority rule defined in RAN1 in R17, if any.
Agreement in 2nd round: TBA



Regarding issue 1-5-1, we think RAN4 only need to define the interruption requirement based on the RAN4 RRM scenarios and don’t need to revisit any scenarios which have already been specified in RAN1 spec. In our understanding, option 1 is quite reasonable from RRM perspective. We propose to only discuss the prioritization between SRS and RRM activities but not discuss any other collision cases already defined in RAN1.
Proposal 9: regarding “Interruption requirement related with prioritization rule in RAN1”, RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.

Regarding issue 1-5-2, we agree with other companies’ view in last meeting that this is an issue covered by RAN1.
Proposal 10:
For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior, i.e., both SRS resources are periodic, semi-persistent or aperiodic, are scheduled on the same OFDM symbol:
· This is up to RAN1 discussion, and no need to discuss this case in RAN4.
7. Conclusion
In this contribution we discuss the RRM requirements for SRS antenna port switching.
Proposal 1: No need to specify performance degradation in issue 1-1-1. 
Proposal 2: RAN4 to define requirements based on SRS resource configurations in scenario 1 and 2 in agreed WF of RAN4 #101e meeting.
Proposal 3: 
RAN4 to choose one from following options:
· Option 1:
· For NR SA, EN-DC and NE-DC, UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol; otherwise, NR SRS antenna port switching shall be prioritized.
· For NR-DC, UE is not required to perform NR SRS antenna port switching when P/SP NR SRS resource and the AP CSI-RS for NR L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol of same CG; otherwise, NR SRS antenna port switching shall be prioritized.
· Option 2:
· NR measurement are always prioritized including L3 measurement, RLM/BFD/CBD and L1-RSRP/L1-SINR measurement.
Proposal 4: In corresponding requirement section of TS38.133, RAN4 to clarify that other specific RRM requirements in which NR measurements are involved only applies when no SRS antenna port switching is configured during those RRM activities. 
Proposal 5: Regarding impact of SRS antenna port switching to CSF and other RS, RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement. 
Proposal 6: No need to further discuss the minimum interruption requirements for sync cases. 
Proposal 7: Interruption requirement of SRS antenna port switching shall be defined based on slot level.
Proposal 8: 
Scenario 1: The interruption requirement of SRS antenna port switching for scenario 1 is 2 slots of victim carrier’s SCS, as following,
	Victim CC SCS(kHz)
	Aggressor CC SCS (kHz)

	
	15 
	30
	60

	15 (NR or LTE)
	2
	2
	2

	30
	2
	2
	2

	60
	2
	2
	2

	120
	2
	2
	2


 Unit of interruption requirement is slot for NR and subframe for LTE.

Scenario 2: The interruption requirement of SRS antenna port switching for scenario 2 is summarized as:
	Victim CC SCS(kHz)
	Aggressor CC SCS (kHz)

	
	15 
	30
	60

	15 (NR or LTE)
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3


 Unit of interruption requirement is slot for NR and subframe for LTE.
Proposal 9: regarding “Interruption requirement related with prioritization rule in RAN1”, RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.
Proposal 10:
For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior, i.e., both SRS resources are periodic, semi-persistent or aperiodic, are scheduled on the same OFDM symbol:
· This is up to RAN1 discussion, and no need to discuss this case in RAN4.
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an equal-size subband across two pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2. 
Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent 
OFDM symbols of the resource. 



A UE may be configured 1=sN  symbol periodic or semi-persistent SRS resource with inter-slot hopping within a 
bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured



42 orN s =  symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth 
part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For Ns=4, when frequency 
hopping is configured with R=2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS 
resource mapped to different sets of subcarriers across two pairs of R adjacent OFDM symbol(s) of the resource in each 
slot. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R 
adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot 
frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of 
subcarriers in R adjacent OFDM symbol(s) of the resource in each slot. 



6.2.1.2 UE sounding procedure for DL CSI acquisition 
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE 
may be configured with only one of the following configurations depending on the indicated UE capability 
supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-
t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-
t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 
't4r4' for 4T=4R, or 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R): 



- For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter 
resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, 
each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the 
set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or 



- For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter 
resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in 
different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the 
second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or 



- For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-
ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each 
SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with 
a different UE antenna port, and 



- For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-
ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two 
different slots, and where the SRS port of each SRS resource in the given two sets is associated with a different 
UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one 
SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are 
both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-
PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value of the higher layer 
parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in each 
SRS-ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is 
different. Or,  



- For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of 
SRS ports for each resource is equal to 1, 2, or 4. 



The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case 
the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set. 



The UE shall expect to be configured with the same number of SRS ports for all SRS resources in the SRS resource 
set(s) with higher layer parameter usage set as 'antennaSwitching'. 



For 1T2R, 1T4R or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set 
with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R or 4T=4R, the UE 
shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage 
set as 'antennaSwitching' in the same symbol. 
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The value of Y is defined by Table 6.2.1.2-1. 



Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for 
antenna switching 



µ  [kHz] 152 ⋅=∆ µf  Y [symbol] 
0 15 1 
1 30 1 
2 60 1 
3 120 2 



 



6.2.1.3 UE sounding procedure between component carriers 
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH 
transmission, the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or 
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and 
switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying 
HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH happen to overlap in the same symbol and that can result in 
uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. 



For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH 
transmission, the UE shall not transmit a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS 
transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by 
higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR) on the carrier of the serving 
cell and PUSCH transmission carrying aperiodic CSI happen to overlap in the same symbol and that can result in uplink 
transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].  



For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH 
transmission, the UE shall drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI/L1-
RSRP/L1-SINR, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission 
whenever the transmission and SRS transmission (including any interruption due to uplink or downlink RF retuning 
time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-
SwitchingTimeNR) on the serving cell happen to overlap in the same symbol and that can result in uplink transmissions 
beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].  



For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH 
transmission, the UE shall drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI/L1-RSRP/L1-
SINR whenever the transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink 
RF retuning time [11, TS 38.133]) as defined by higher layer parameters switchingTimeUL and switchingTimeDL of 
srs-SwitchingTimeNR) on the carrier of the serving cell happen to overlap in the same symbol and that can result in 
uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. 



For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of 
the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving 
cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource 
set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-
ResourceSet set to 'aperiodic'.  



For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-
PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the 
serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving 
cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' 
and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'. 



A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and 
not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-
SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for 
PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or 
downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and 
switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2. 
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The SCell deactivation delay specified in this section can be extended with each SRS carrier based switching to any
carrier occuring during the SCell deactivation procedure.




image2.png
- No SRS carrier based switching occurs during the SCell activation procedure otherwise the PUCCH SCell
activation delay (T qenay_pucch scen) can be extended.




